Microevolution of the VQ gene family in six species of Fragaria.
VQ motif-containing proteins play crucial roles in plant growth, development, and stress responses. However, no information of VQ motif-containing proteins has been studied at the microevolutionary level in species of Fragaria. In this study, a total of 19, 21, 23, 23, 23, and 25 genes containing the VQ motif were identified from the genomes of F. nipponica, F. iinumae, F. orientalis, F. vesca, F. nubicola, and F. x ananassa, respectively. We classified the VQ genes into 15 clades with grapevine VQ genes, which indicated that at least 15 ancient VQ genes existed before the divergence of the six studied species of Fragaria. Phylogenetic analysis indicated that 28 gene duplication events have occurred in the evolutionary process of the six species of Fragaria. Structural analysis showed that most of the VQ genes have no introns and that VQ proteins in each clade have a similar motif composition. The majority of gene pairs had Ka/Ks ratios less than 1, which illustrated that most of the VQ genes underwent purifying selection in the six species of Fragaria. Four types of cis-elements in promoters of VQ genes were detected, which is an important basis for further studies about plant stress responses. Furthermore, the expression analysis of FvVQ genes indicated that these genes are expressed differentially in the examined organs and tissues. The identification of VQ genes and the analysis of VQ gene duplication and polyploidization events in the six species of Fragaria provide important information on the evolutionary fate of VQ genes during the divergence of the six species of Fragaria.